Abstract. High-precision asteroseismic data provides an excellent opportunity to test theories of stellar evolution and new physics, such as the properties of the dark matter (DM) of the Universe. Here we will show that some models of DM lead to changes in the classical scenario of stellar evolution. The accumulation of DM in the core of low-mass stars reduces their central temperatures and inhibits the formation of small convective cores in 1.1-1.3 Ms stars. We review the asteroseismic constraints that have been set to the characteristics of the DM particles, obtained comparing the oscillations of the star α Cen B with modified stellar models. To conclude, we discuss the prospects to use CoRoT and Kepler data on main-sequence stars and red giants to further constrain the nature of DM.
Introduction
The discovery of the nature of Dark Matter (DM) remains as one of the main challenges in our understanding of the Universe, and thus is a key goal both for astrophysicists, cosmologists, and particle physicists. Current experimental efforts, including direct and indirect detection techniques and DM searches at the LHC, have already reached the sensitivity to detect particular models of WIMPs (for Weakly Interacting Massive Particles), with no positive success at the moment, although several hints of detection have been claimed. In fact, one of the reasons for WIMPs to be very popular DM candidates is that their existence could be detected in ongoing or upcoming experiments [1] . Stellar physics and observations have provided fruitful insights in particle physics and cosmology [2, 3] , triggering advances in the understanding of neutrino interactions and oscillations [4] , and setting bounds on new particles like WIMPs [5] , axions [6] and other light bosons [7] . In this context, the unprecedented abundance of high-quality data from asteroseismic missions like CoRoT [8] and Kepler [9] opens up the possibility of further use the stars as laboratories for fundamental physics [10] .
Impact of dark matter on stars
Stars are formed and evolve within clouds of DM particles. If these particles are WIMPs, they would efficiently accumulate inside stars and could potentially influence their internal structure [11, 12] . This hypothetical impact depends on the unknown characteristics of the DM particles like their mass, m χ , and their scattering cross-section with protons, σ χ,S D [13] .
On the assumption that the DM sector has an asymmetry in the abundances of particles and antiparticles like that observed in the normal matter [14] (or, equivalently for our purposes, a very small self-annihilation cross section, σ a v 10 −33 cm 3 s −1 ) the impact on stellar evolution can be noticeable. Although the density of DM in our region of the Galaxy is estimated to be very low, ρ χ ≈ 0.4 GeV cm −3 [15] , it suffices to change the internal properties of stars similar to the Sun [5] . In environments with greater DM densities, such as the center of the Milky Way and inside dwarf galaxies and globular clusters, the impact on stars could be much larger [16, 17, 18, 19] , in particular in the case of compact stars [20, 21, 22, 23] .
The DM particles trapped in the stellar cores transport energy by conduction [24] , removing energy from the center of the star and bringing it to outer layers at a rate,
which depends, among other factors, on the WIMPs number density distribution, n χ (r), and their mean free path inside the star, l χ (r) = σ χ,i n i (r)
(see Refs. [25, 26] for more details). As a result of this new cooling mechanism, low-mass stars have their central temperatures reduced and their central densities increased when compared to the classical theory of stellar evolution (see Ref. [5] and Fig. 1 ). This phenomena has been studied in the case of the Sun, where the observations of solar neutrinos and helioseismology have been used to constrain the properties of DM [27, 28, 29] .
Asteroseismic diagnostic of Dark Matter
Compared to solar observations, asteroseismology provides the opportunity to study stars with different masses and at different evolutionary stages. Regarding DM searches, one of the main advantages is the possibility to analyse stars with masses lower than the Sun, which are more strongly influenced by DM conduction than our star. On the other hand, one should be aware that the precision on the determination of stellar characteristics, like the mass and metallicity, is crucial to disentangle the impact of DM from other standard mechanisms.
In Ref. [5] we studied α Cen B, a 0.9 M star which characteristics have been accurately estimated because it belongs to a binary system. We found that some models of DM lead to changes in the central The Space Photometry Revolution, CoRoT3-KASC7 joint meeting The existence of asymmetric DM particles with properties above the blue line can be ruled out because they produce a strong impact on the core of the star, leading to a mean small frequency separation, δν 02 , more than 2 σ away from the observations. The filled region shows the uncertainty in the modelling when the observational errors are taken into account. See Ref. [5] for further details.
properties of the star that are in conflict with its acoustic oscillations. In particular, the small frequency separation between modes of low degree,
was found to be in conflict with the observations for the modified stellar models with DM particles with small m χ and large σ χ,S D (see Fig. 2 ).
Another strong impact of asymmetric DM on main-sequence stars occurs for stars with masses around 1.2 M . These stars can have their small convective cores suppressed due to the efficiency of the extra energy transport by DM conduction. In a recent work [30] , it was shown that the star KIC 12009504 (also called Dushera) would not have a convective core if certain DM particles exist and, consequently, asteroseismic parameters like frequency ratios [31] or parameters such as S {∆ν r 010 } [32] can be used to put limits to the properties of DM (see Fig. 3 ).
Further constraints on the nature of DM could be set if solar-like oscillations are identified in stars with masses significantly lower than the Sun, such as M dwarf stars. Unfortunately, their faintness and the expected low-amplitude of their oscillations has prevented the detection of pulsations in these low-mass stars [34] . On the other hand, the recent measurement of gravity modes in the oscillations of Red Giants could also be used to investigate DM because it allows a precise insight in the core of these stars, where DM may be having an impact. . Left: Size of the convective core of star KIC 12009504 obtained changing its mass, metallicity, and mixinglength parameter for the standard scenario without DM (grey) and including the impact of asymmetric DM particles with the properties to explain recent claims in direct detection experiments (blue). Right: Seismic parameter |S {∆ν r 010 }| for the same models. The yellow areas show the r cc derived by Ref. [33] and |S {∆ν r 010 }| calculated from the observed oscillation frequencies. See Ref. [30] for further details.
